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 Physiological attributes and yield performance of high yielding varieties (HYV) of rice cultivars 
need to be assessed by crop establishment methods before promoting a suitable crop estab-
lishment method in Bangladesh. We, therefore, conducted an experiment to study the effects 
of crop establishment methods on the growth and yield of boro rice. The experiment  
comprised of two factors; factor A: methods of crop establishment viz., dry direct seeding,  
unpuddle transplanting, alternate wetting and drying (AWD) and puddle transplanting; factor 
B: rice cultivars viz., BRRI dhan28, BRRI dhan58, BRRI dhan74 and BRRI hybrid dhan3. The 
experiment was laid out in a split-plot design with three replications where method of crop 
establishment was assigned to the main plot and rice cultivar was assigned to the sub plots. 
Data were collected at different growth stages and at harvest. From the results, it was found 
that growth, yield and yield contributing characters were significantly influenced by crop 
establishment methods. The highest leaf area index (LAI), total dry matter and grain yield 
were found in puddle transplanting method. The highest grain yield was obtained in puddle 
transplanting method due to accumulation of maximum dry matter and production of highest 
number of effective tillers hill-1 and grains panicle-1. Among the varieties the highest grain 
yield was obtain in BRRI hybrid dhan3 due to highest number of grains panicle-1 and  
1000-grain weight. The highest grain yield (6.21 t ha-1) was found in puddle transplanting with 
BRRI dhan28, while the lowest grain yield (2.80 t ha-1) was produced in dry direct seeding with 
BRRI dhan28. Therefore, puddle transplanting with BRRI dhan28 might be recommended due 
to best physiological performance and obtaining highest grain yield of boro rice. 
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INTRODUCTION 
 
Rice (Oryza sativa L.) is considered as a staple food in  
Bangladeshi diet as it is consumed by 164 million people of the 
country. It is grown on large scale by the farmers of the country 
to meet the expected demand of consumption as well as  
exportation. Approximately 77% of the cropped area is devoted 
to rice production, with some 60-70% of the agricultural labour 
employed in rice production, marketing and distribution 
(Julfiquar, 2009). Production of rice contributes one half of the 
agricultural GDP and one sixth of the national income in  
Bangladesh (BBS, 2018). According to the provisional data by 
the Bangladesh Bureau of Statistics in FY 2016-17, the produc-
tion of milled rice reached around 33.803 million tons (BBS, 
2017) in Bangladesh. Among the total rice production, boro rice 
occupies 18.01 million tons in 2016-2017 and yield was 4.03  
tha-1 (BBS, 2017). Though Bangladesh has excellent sub-tropical 
climate for boro rice cultivation but its productivity is low  
compared with other Asian countries like Indonesia, Malaysia 
etc. Rice requires an improvement of 50% by the year 2025 
(Khush, 2001) because of the increasing rate of population,  
decreasing rate of agricultural land and no horizontal expansion 
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of rice area. Therefore, to overcome this situation, increase in 
rice growth and production per unit area is the only alternative 
to bring self sufficiency in food production. 
Production potential of rice cultivars yet to be achieved due to 
various reasons-rice establishment method is one of them (Kour 
et al., 2018). Rice is mainly grown as transplanted crop in  
puddled soil in Bangladesh which requires a large quantity of 
water starting from land preparation to grain filling (Pathak  
et al., 2011). But recent estimates indicate that there would be 
acute water shortage in the coming decades (PRIO, 2013). So, to 
fulfill the recent necessity “more rice with less water” research-
ers have evolved different water saving technologies such as 
system of rice intensification (SRI), alternate wetting and drying 
(AWD) and dry direct-seeded rice (DSR) (McDonald et al., 2019 
and Devkota et al., 2020 ). There is evidence that SRI, AWD, DSR 
methods need (40-46%, 16-36% and 35-57%, respectively) less 
water than continuous flooding (Belder et al., 2004; Singh et al., 
2003; Bouman et al., 2007) and have different physiological as-
pect on plant. Plants respond to different crop establishment 
methods at the molecular, cellular and physiological levels 
which vary among species and genotype, crop age and stage of 
development, organ and cell type and sub-cellular compartment 
(Yamakawa et al., 2007; Jana et al., 2017). Furthermore, physio-
logical basis of yield gap among high yielding rice cultivars  
assessed by crop establishment methods has not been studied 
extensively. Such information is vital for identifying the physio-
logical and morphological traits to support the selection and 
breeding of high yielding rice cultivars and sustainable crop  
establishment method. Efforts are few to address the growth, 
physiological responses and yield of rice to crop establishment 
methods under tropical environment (Zain et al., 2014). There-
fore, keeping these points in view, the present investigation was 
undertaken to evaluate the comparative effects of different rice 
establishment methods on growth and yield of boro rice  
cultivars during the subsequent growth period of crop  
ontogeny. 
 
MATERIALS AND METHODS 
 
Study area 
The research work was conducted at the Agronomy Field  
Laboratory, Bangladesh Agricultural University (BAU),  
Mymensingh. The  experimental  field belongs to the  
non-calcareous  dark grey  floodplain  soil  under  the  Agro-
ecological  Zone  of  the  Old  Brahmaputra Floodplain  (AEZ-9)  
(FAO and UNDP, 1988) located  at  24.75°  N  latitude  and  
90.50°E  longitude  at  an elevation  of  18  m  above  the  sea  
level. The field was a medium high land with flat and well 




The experiment consists of two factors; factor A: methods  
of crop establishment viz., dry direct seeding, unpuddle  
transplanting, AWD (alternate wetting and drying) and puddle 
transplanting; factor B: rice cultivars viz., BRRI dhan28, BRRI 
dhan58, BRRI dhan74 and BRRI hybrid dhan3. The experiment 
was laid out in a split-plot design with three replications where 
method of crop establishment was assigned to the main plot and 
rice cultivar was assigned to the sub plots. Thus total number of 
plot was 48. Each plot size was 4 m × 2.5 m. The distance  
between block to block was 1.0 m, the distance between replica-
tion to replication was 1.5 m and that of plot to plot distance was 
0.75 m.  
 
Preparation of nursery bed and main field 
A piece of land was selected at Agronomy Field Laboratory, 
BAU, Mymensingh to raise seedlings. The sprouted seeds were 
sown in the nursery bed on 22 November 2017 for puddle trans-
planting, unpuddle transplanting and AWD methods. The main 
field was prepared by power tiller with three to four times 
ploughing and cross ploughing followed by laddering. After  
laying out the land was fertilized with urea, Muriate of Potash 
(MoP), triple super phosphate, gypsum and zinc sulphate @ 300-
100-120-60-10 kg ha-1, respectively (FRG, 2012). The entire 
amounts of TSP, MoP, gypsum and zinc sulphate were applied at 
the time of final land preparation. Urea was applied in three 
equal installments at 15, 30 and 45 days after transplanting.  
 
Transplantation and cultivation practices 
The seedlings were uprooted and immediately transferred to 
the main field for puddle transplanting, unpuddle transplanting 
and AWD methods and for dry direct seeding method sprouted 
seeds were sown in the main field manually on 30 December 
2017. Seedlings were transplanted at the rate of two seedlings 
hill-1, maintaining a spacing of 25 cm × 15 cm. Weed was  
removed when necessary. Irrigations were given in the plots as 
per treatment specification e.g. dry direct seeding, alternate 
wetting drying, unpuddle transplanting as well as puddle trans-
planting required only 7, 10, 15 and 15 irrigations, respectively. 
When 80-90% of the panicles turned into golden yellow color, 
the crop was assessed to attain maturity. The crops of puddle 
transplanting, unpuddle transplanting and AWD plots were  
harvested on 1 May 2018 at 160 DAS and dry direct seeding 
plots on 30 May 2018 at 151 DAS.  
 
Observation and collection of data 
Five hills (excluding border hills) were selected randomly from 
each unit plot for recording data. Data were collected on  
different growth dynamics, such as leaf area index (LAI), total 
dry matter (TDM) production (g), absolute growth rate (AGR), 
crop growth rate (CGR), relative growth rate (RGR), net assimi-
lation rate (NAR) at different growth stages. The data were  
recorded for each pot through destructive sampling. For each 
destructive sample, a hill was uprooted and washed with water. 
The leaf blades were alienated from the leaf sheath and leaf area 
was measured by a leaf area meter (LI 3100, Licor, Inc., Lincoln 
NE, USA). Leaf area index was accordingly calculated from leaf 
area data. After measurement of leaf area, the plant samples 
were dried in an electric oven for 72 hour until they reached at 
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constant weight, and their dry weights were recorded. LAI, AGR, 
CGR, RGR, and NAR were calculated following the standard 
formulae (Radford, 1967; Hunt, 1978).  Five hills (excluding bor-
der hills) were selected randomly from each unit plot for record-
ing data. An area of central 1m × 1m was selected from each plot 
to record the yield of grain. The harvested crop of each unit area 
was separately bundled, properly tagged and then brought to 
the threshing floor of the Agronomy Field Laboratory. Grains 
were separated from the plants by thresher. Grains were then 
sun dried at 14% moisture level and cleaned. Finally, the yields 
of grain plot-1 were recorded and converted to t ha-1.  
 
Statistical analysis 
The collected data were compiled and tabulated in proper from 
and subjected to statistical analysis. Data were analyzed using 
the analysis of variance technique with the help of computer 
package program MSTAT-C and mean  differences  were   
adjudged  by  Duncan's  Multiple  Range  Test (DMRT)  (Gomez  
and  Gomez,  1984). 
 
RESULTS AND DISCUSSION 
 
Effect of crop establishment method on growth parameters 
Crop establishment method exerted significant effect on LAI 
and TDM at 30, 45, 60 and 75 DAS (Table 1). The highest LAI at 
30, 45, 60 and 75 DAS (1.10, 3.39, 14.11 and 20.47, respective-
ly) was obtained in puddle transplanting method and the 
shortest leaf area index (0.40, 0.65, 2.81 and 5.43, respectively) 
was obtained in dry direct seeding method of crop establish-
ment at 30, 45, 60 and 75 DAS. Singh et al. (2009) stated that the 
crop establishment method which produces highest LAI might 
have had the capacity to higher photosynthesis rate resulting 
higher biological and economical yield. Considering growth 
stage, LAI increased sharply and reached at peak with maturity 
and LAI differed due to treatment difference. The highest TDM 
(3.45g, 12.18g, 72.99g and 103.4g, respectively) was observed 
in puddle transplanting method at 30, 45, 60 and 75 DAS but 
statistically similar result was found in alternate wetting and 
drying at 45 and 75 DAS. The lowest TDM (1.77g, 4.20g, 11.66g 
and 23.16g, respectively) was obtained in dry direct seeded 
method at 30, 45, 60 and 75 DAS. Fageria and Baligar (2011) 
also reported that TDM production increased with the advance-
ment of plant age up to flowering. In addition, it has been  
reported that in puddle transplanting rice plant received an 
ideal rhizosphere environment which may provide higher  
nutrient uptake which resulting in the greater source accumula-
tion and efficient translocation of photosynthates into the sink 
(Bhardwaj et al., 2018).  
At 60 DAS, the highest AGR (4.05) was found in puddle  
transplanting and at 75 DAS, the highest AGR (3.19) was found 
in alternate wetting and drying treatment but in both 60 and 75 
DAS, the lowest AGR was found in dry direct seeding treatment 
(Figure 1). CGR, RGR and NAR were not significantly influenced 
due to crop establishment method at different growth stages 
(Table 4). Higher AGR and CGR were observed in puddle trans-
planting method at 60 DAS because of the higher accumulation 
of photosynthesis. Irrespective of treatments, RGR was more at 
early phase and showed a diminishing trend with the progress of 
plant age (Ghasal et al., 2014). The decline in RGR was possibly 
due to the raise of metabolically active tissue, which contribut-
ed less to the plant growth. The trend of NAR for different  
crop establishment methods were relatively equal but the  
higher NAR was observed in 60 DAS after that it reduced in all 
the treatments. It can be due to decrease in photosynthetic  
efficiency (Watson, 1958; Ghasal et al., 2014).  
Table 1. Effect of crop establishment method on LAI and total dry matter. 
Methods of crop establishment 
LAI Total dry matter (g) 
30 DAT 45 DAT 60 DAT 75 DAT 30 DAT 45 DAT 60 DAT 75 DAT 
Dry direct seeded 0.40c 0.65d 2.81d 5.43d 1.77c 4.20b 11.66d 23.16c 
Unpuddle transplanting 0.57b 1.51c 4.84c 10.81c 2.33bc 6.41b 34.05c 75.40b 
AWD 1.08a 2.42b 9.93b 15.35b 3.30ab 11.52a 48.57b 96.43a 
Puddle transplanting 1.10a 3.39a 14.11a 20.47a 3.45a 12.18a 72.99a 103.4a 
Level of significance 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
CV (%) 14.40 15.27 10.30 9.51 36.41 49.07 9.77 9.59 
In a column figures having common letter(s) do not differ significantly as per DMRT. 
Table 2. Effect of variety on LAI and total dry matter. 
Variety 
LAI Total dry matter (g) 
30 DAT 45 DAT 60 DAT 75 DAT 30 DAT 45 DAT 60 DAT 75 DAT 
BRRI dhan28 0.83ab 2.23a 8.86a 16.91a 3.01a 10.07a 53.30a 92.91a 
BRRI dhan58 0.67c 1.63b 6.78b 9.34d 2.02b 6.57b 31.07d 57.98d 
BRRI dhan74 0.87a 2.11a 8.80a 12.26c 2.96a 9.25a 45.99b 81.59b 
BRRI Hybrid dhan-3 0.79b 2.00a 7.25b 13.56b 2.91a 8.44ab 36.90c 65.90c 
Level of significance 0.01 0.01 0.01     0.01 0.01 0.05 0.01 0.01 
CV (%) 9.67 14.08 8.16 10.64 16.71 33.15 10.05 11.61 
In a column figures having common letter(s) do not differ significantly as per DMRT. 
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Effect of variety on growth parameters 
LAI and total dry matter of different rice cultivars showed  
substantial differences throughout the growth stages (Table 2). 
At 30 DAS, the highest LAI (0.87) was obtained in BRRI dhan74, 
at 45 DAS, the highest LAI (2.23) was obtained in BRRI dhan28 
which was statistically identical to BRRI Hybrid dhan3 as well as 
BRRI dhan74, after that at 60 DAS, the highest LAI (8.86) was 
obtained in BRRI dhan28 which was statistically identical to 
BRRI dhan74 and lastly at 75 DAS, the highest LAI (16.91) was 
obtained in BRRI dhan28. At 30, 45, 60 and 75 DAS, the lowest 
LAI (0.67, 1.63, 6.78 and 9.34, respectively) was recorded in 
BRRI dhan58.  Cultivar having more LAI has the possibility to 
absorb more solar radiation and more photosynthetic capacity 
which ultimately leads to higher yield. Similar results have also 
been reported by Yadav et al. (2009). 
At 30 DAT, the highest total dry matter (3.01 g) was obtained in 
BRRI dhan28 which was statistically identical to BRRI Hybrid 
dhan3 as well as BRRI dhan74 and the lowest total dry matter  
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(2.02g) was recorded in BRRI dhan58. At 45 DAS, the highest 
total dry matter (10.07g) was obtained in BRRI dhan28 which 
was statistically identical to BRRI dhan74 and the lowest total 
dry matter (6.57g) was recorded in BRRI dhan58. At 60 and 75 
DAS, the highest total dry matter (53.30g and 92.91g, respec-
tively) was obtained in BRRI dhan28 and the lowest total dry 
matter (31.07g and 57.98g, respectively) was recorded in BRRI 
dhan58. BRRI dhan28 cultivar might have potentiality to  
produce more photosynthates than other variety which helped 
in producing highest dry matter in this variety. A wide variability 
in photosynthetic rates exists in rice cultivars (Sharma and 
Singh, 1994) which may cause difference in dry matter accumu-
lation. Alam et al. (2009) found difference in total dry matter 
accumulation indifferent genotypes. At 60 and 75 DAS signifi-
cantly the highest AGR (2.88 and 2.64, respectively) was  
obtained in BRRI dhan28 than other varieties (Figure 2). In case 
of other parameters such as CGR, RGR and NAR variety have 
shown insignificant effect.  





LAI Total dry matter (g) AGR (g day-1) 
30 DAS 45 DAS 60 DAS 75 DAS 30 DAS 45 DAS 60 DAS 75 DAS 45 DAS 60 DAS 75 DAS 
M1V1 0.28h 0.79gh 2.11k 6.02gh 1.36f 4.987 7.75h 29.50f 0.24 0.18j 1.45e 
M1V2 0.41gh 0.47h 2.67jk 4.29hi 2.31de 3.44 13.43h 16.34f 0.07 0.67ij 0.19h 
M1V3 0.39gh 0.57h 3.16ijk 3.36i 1.69def 4.780 11.39h 20.61f 0.21 0.44j 0.61gh 
M1V4 0.52g 0.77gh 3.31ij 8.05fg 1.76def 3.630 14.08h 26.19f 0.13 0.67ij 0.80fg 
M2V1 0.89ef 1.67ef 3.9hi 17.59cd 3.25bc 8.140 51.33e 85.83cd 0.33 2.88cd 2.30d 
M2V2 0.53g 1.21fg 5.32fg 7.45fg 1.58ef 5.387 12.83h 80.68cd 0.26 0.49j 4.52a 
M2V3 0.36h 1.71ef 4.46gh 9.27f 2.07def 6.270 48.31e 87.78cd 0.28 2.8de 2.63cd 
M2V4 0.54g 1.46f 5.70f 8.92f 2.46cd 5.843 23.72g 47.33e 0.22 1.19hi 1.57e 
M3V1 0.99de 2.61bc 11.85d 14.37e 3.21bc 13.06 73.41c 124.6a 0.66 4.02b 3.42b 
M3V2 0.91ef 2.27cd 6.81e 9.19f 1.81def 9.627 39.12f 56.73e 0.52 1.97fg 1.17efg 
M3V3 1.11cd 2.05de 13.33bc 16.71de 4.36a 10.93 35.08f 109.9b 0.44 1.61gh 4.98a 
M3V4 1.34b 2.767bc 7.75e 21.13b 3.83ab 12.47 46.65e 94.48bc 0.57 2.28ef 3.19bc 
M4V1 1.17c 3.87a 17.62a 29.64a 4.01ab 14.09 80.69b 131.7a 0.67 4.44ab 3.4b 
M4V2 0.83f 2.58bc 12.33cd 16.45de 2.41de 7.823 58.91d 78.15d 0.36 3.40c 1.28ef 
M4V3 1.62a 4.11a 14.27b 19.68bc 3.76ab 15.00 89.19a 108.1b 0.75 4.94a 1.26ef 
M4V4 0.78f 3.03b 12.24cd 16.12de 3.64ab 11.82 63.15d 95.60bc 0.55 3.42c 2.16d 
Level of  
significance 
0.01 0.01 0.01 0.01 0.01 NS 0.01 0.01 NS 0.01 0.01 
CV (%) 9.67 14.08 8.16 10.64 16.71 33.15 10.05 11.61 50.35 14.35 15.46 
*In a column figures having common letter(s) do not differ significantly as per DMRT;  NS= Not significant, M1= Dry direct seeding, M2= Unpuddle 
transplanting, M3=AWD (Alternate wetting and drying), and M4= Puddle transplanting, V1= BRRI dhan28, V2= BRRI dhan58, V3=BRRI dhan74, V4= 
BRRI Hybrid dhan3. 
Table 4. Effect of crop establishment method on crop growth rate (CGR), relative growth rate (RGR) and net assimilation rate (NAR). 
Methods of crop  
establishment 
CGR (g cm-2  day -1) RGR (g g-1day-1) NAR (g cm-2 day-1) 
45 DAS 60 DAS 75 DAS 45 DAS 60 DAS 75 DAS 45 DAS 60 DAS 75 DAS 
Dry direct seeded 0.0004 0.001 0.002 0.032 0.042 0.021 0.0004 0.0004 0.0002 
Unpuddle  
transplanting 
0.0007 0.005 0.007 0.031 0.047 0.026 0.0003 0.0007 0.0005 
AWD 0.001 0.007 0.008 0.036 0.043 0.018 0.0004 0.0005 0.0003 
Puddle transplanting 0.001 0.01 0.005 0.035 0.053 0.009 0.0003 0.0006 0.0002 
Level of significance NS NS NS NS NS NS NS NS NS 
CV (%) 31.62 5.27 5.27 30.30 21.74 17.56 31.62 31.62 31.62 
*In a column figures having common letter(s) do not differ significantly as per DMRT; NS= Not significant. 
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Effect of crop establishment method and variety on growth 
parameters 
Leaf area index was significantly affected by the interaction of 
crop establishment method and variety at 30, 45, 60 and 75 days 
after sowing (DAS) (Table 3). At 30 DAS, the highest LAI (1.623) 
was recorded in puddle transplanting × BRRI dhan74 and the 
lowest LAI (0.28) was recorded in dry direct seeding × BRRI 
dhan28 which was statistically identical to unpuddle transplant-
ing × BRRI dhan74 treatment. At 45 DAS, the highest LAI (4.11) 
was found in the treatment combination Puddle transplanting × 
BRRI dhan74 and the lowest LAI was observed (0.47) in dry  
direct seeding × BRRI dhan58 treatment which was statistically 
identical to dry direct seeding × BRRI dhan74 treatment. At 60 
and 75 DAS, the highest LAI (17.62, 29.64) was found in the 
treatment puddle transplanting × BRRI dhan28. But at 60 and 
75 DAS, the lowest LAI was observed (2.11 and 3.36, respective-
ly) in dry direct seeding × BRRI dhan28 treatment and dry direct 
seeding × BRRI dhan74 treatment, respectively. 
Total dry matter was significantly influenced by the interaction 
of crop establishment method and variety at 30, 60 and 75 days 
after sowing (DAS) except 45 DAS (Table 3). At 30 DAS, the 
highest total dry matter (4.36g) was found in alternate wetting 
and drying × BRRI dhan74 and the lowest total dry matter  
(1.36g) was found in dry direct seeding × BRRI dhan28. At 60 
DAS, the highest TDM (89.19g) was found in puddle transplant-
ing × BRRI dhan74 and the lowest TDM was observed (7.75g) in 
dry direct seeding × BRRI dhan28 At 75 DAS, the highest TDM 
(131.7 g) was found in puddle transplanting × BRRI dhan28 
which is statistically identical to alternate wetting and drying × 
BRRI dhan28 and the lowest TDM was observed (16.34g) in dry 
direct seeding × BRRI dhan58 treatment which was statistically 
similar with dry direct seeding × BRRI dhan28, dry direct  
seeding × BRRI dhan74, and dry direct seeding× BRRI hybrid 
dhan3. 
AGR was significantly influenced by the interaction of crop  
establishment method and variety at different DAS except 45 
DAS (Table 3). At 60 DAS, the highest and lowest  AGR was  
observed in puddle transplanting × BRRI dhan74 and dry direct 
seeding × BRRI dhan28 treatment. At 75 DAS, the highest AGR 
was observed in alternate wetting and drying × BRRI dhan74 
treatment and the lowest AGR was recorded in dry direct  
seeding × BRRI dhan58. Other parameters such as CGR, RGR 
and NAR were not significantly influenced by the interaction of 
crop establishment method and variety.  
Table 5. Effect of methods of crop establishment on yield and yield components of boro rice.  
Treatments Effective tillers hill-1 (no.) Grains panicle-1 (no.) 1000-grain weight (g) Grain yield (t ha-1) 
Dry direct seeded 7.98b 86.68b 24.04 3.13c 
Unpuddle transplanting 9.44a 91.40b 23.74 4.39b 
AWD 9.75a 92.85b 23.24 4.84ab 
Puddle transplanting 10.62a 99.95a 24.45 5.54a 
Level of significance 0.05 0.05 NS 0.01 
CV (%) 14.20 7.22 7.02 18.69 
BRRI dhan28 11.00a 86.58b 21.43b 4.61 
BRRI dhan58 7.92b 92.96b 21.71b 4.15 
BRRI dhan74 10.55a 88.21b 25.69a 4.36 
BRRI Hybrid dhan-3 8.30b 103.1a 26.65a 4.80 
Level of significance 0.01 0.01 0.01 NS 
CV (%) 14.28 9.64 6.56 19.65 
Interactions         
M1V1 8.60cde 85.72bc 21.27 2.80 
M1V2 6.67e 89.07bc 21.20 3.50 
M1V3 7.93cde 86.16bc 26.80 3.28 
M1V4 8.67cde 85.77bc 26.89 2.97 
M2V1 10.14bcd 84.93c 21.33 4.17 
M2V2 7.73de 92.29bc 21.77 3.98 
M2V3 11.73ab 85.53bc 26.20 4.77 
M2V4 8.13cde 102.9b 25.67 4.65 
M3V1 12.00ab 87.99bc 20.67 5.27 
M3V2 8.53cde 95.27bc 21.87 4.29 
M3V3 10.40bc 90.39bc 23.40 4.10 
M3V4 8.07cde 97.76bc 27.01 5.74 
M4V1 13.27a 87.69bc 22.45 6.21 
M4V2 8.73cde 90.76bc 22.00 4.84 
M4V3 12.13ab 95.20bc 26.35 5.30 
M4V4 8.33cde 126.2a 27.01 5.83 
Level of significance 0.05 0.05 NS NS 
CV (%) 14.28 9.64 6.56 19.65 
In a column figures having common letter(s) do not differ significantly as per DMRT; NS= Non significant; M1= Dry direct seeding, M2= Unpuddle 
transplanting, M3=AWD (Alternate wetting and drying), and M4= Puddle transplanting, V1= BRRI dhan28, V2= BRRI dhan58, V3=BRRI dhan74, V4= 
BRRI hybrid dhan3. 
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Yield and yield contributing attributes 
At harvest, different crop establishment methods had signifi-
cant effect on yield and yield contributing characters. The high-
est grain yield (5.54 t ha-1) was obtained in puddle transplanting 
method (Table 5). The increased yield in puddle transplanting 
method might be due to higher LAI, dry matter accumulation, 
effective tiller hill-1 and grains panicle-1 production. Singh et al. 
(2009) stated that highest LAI might have had the capacity to 
higher photosynthesis which is connected to higher yield. The 
lowest grain yield (3.13 t ha-1) was obtained in dry direct seeding 
method which might be due to direct seeded rice suffered from 
inadequate moister during growth period. Grain yield was not 
significantly influenced by different varieties (Table 5). Howev-
er, numerically the highest grain yield (4.80 t ha-1) was produced 
by BRRI Hybrid dhan3, while the lowest grain yield (4.15 t ha-1) 
was found in BRRI dhan58. This might be due to the fact that 
BRRI Hybrid dhan3 produced the highest number of grains  
panicle-1 and heaviest 1000-grain weight which ultimately  
contributed to highest grain yield. Due to the interaction  
between crop establishment method and variety grain yield was 
not significantly influenced. Numerically the highest grain yield 
(6.21 t ha-1) was produced in puddle transplanting × BRRI 
dhan28 treatment, while the lowest grain yield (2.80 t ha-1) was 
produced in dry direct seeding × BRRI dhan28 treatment (Table 
5). Higher number of chaffy grains under dry direct seeding as 
compared to puddle transplanting was reported by Akhgari and 
Kaviani (2011) which effects in lowering the yield under dry 
direct seeding.  
 
Functional relationship between LAI, total dry matter and 
grain yield of Boro rice  
A positive linear relationship of LAI and total dry matter with 
grain yield of boro rice indicated that higher the LAI and total dry 
matter, the higher the grain yield. In Figures 3 and 4, the regres-
sion equation indicates that an increase in LAI and total dry  
matter would lead to an increase in the grain yield of boro rice. 
The functional relationships were significant at p ≤ 0.05. The  
functional relationship for LAI can be determined by the regres-
sion equation Y = 0.1168x + 2.9607 (R2 = 0.6528). The functional 
relationship revealed that 65% of the variation in yield could be  
explained from the variation in LAI. Again for relationship  
between total dry matter and grain yield. The functional  
relationship can be determined by the regression equation Y = 
0.0225x – 2.8033 (R2 = 0.6673). The functional relationship 
revealed that 66% of the variation in yield could be explained 
from the variation in total dry matter. 
Figure 1. AGR influenced by crop establishment methods. Figure 2. AGR influenced by different rice varieties. 
Figure 3. Functional relationship between LAI and grain yield of boro rice at 
75 DAT. 
Figure 4. Functional relationship between total dry matter and grain yield of 
Boro rice at 75 DAT. 
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Conclusion 
 
With detailed data on growth dynamics, physiological perfor-
mance and yield, the study has strong evidence that yield 
strongly correlates with leaf area index and total dry matter. 
Thus, LAI and total dry matter can be simple and powerful  
predictors for rice yield. Therefore, in order to meet the project-
ed rice demand of the nation in near future, puddle transplant-
ing with BRRI dhan28 can be a feasible because of having the 
high values of physiological and yield contributing parameters 
which ultimately contribute in increasing the crop productivity. 
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